Purpose Patient-reported outcome (PRO) measures are essential for assessing subjective patient experiences. Interactive voice response (IVR) data collection provides advantages for clinical trial design by standardizing and centralizing the assessment. Prior to adoption of IVR as a mode of PRO administration in the Testosterone Trials (TTrials), we compared IVR to paper versions of the instruments to be used.
Introduction
Interactive voice response (IVR) methodology has been in widespread use for two decades for assessing patient-reported outcomes across a variety of disease states, interventions, and clinical trial designs [1] [2] [3] [4] . This methodology involves computer-assisted, telephone interviewing of research participants about their health status, quality of life, or health-related symptoms. It has major advantages in the automation and standardization of data collection in clinical trials. IVR versions of widely used outcome measures in psychiatry include the Hamilton Depression Scale [1, 5] and Pittsburgh Sleep Quality Index [6, 7] . The IVR versions of these measures have been favored by the FDA for use in registration trials in psychiatry and sleep medicine. More recently, IVR versions of other well-known measures have been developed and validated for use in female sexual dysfunction [8] , type 2 diabetes [9] , HIV-AIDS [10] [11] [12] , chronic lung disease [13] , prostate cancer [14] , and various other diseases and indications. Among the advantages by study sponsors and regulatory agencies, use of IVR for data collection has been shown to provide accuracy and reliability of recording, reduce recall errors and improve reliability versus paper measures, and provide firm documentation of time and date of data entry [1] [2] [3] [4] [5] [6] .
The Testosterone Trials (TTrials) are seven coordinated trials to determine the benefit of testosterone treatment of hypogonadal men C 65 years [15] . Based on the considerations above, we decided to use IVR to collect patient-reported outcome (PRO) data in preselected domains of outcome, but needed to show reproducibility, feasibility, and validity of the IVR measures prior to initiation of the main trials. This paper presents results of two mode of administration studies of IVR compared to standard paper testing prior to its use in the TTrials. We compared IVR and paper versions of five measures: (a) the Psychosexual Daily Questionnaire, Question 4 (PDQ-Q4) [16] , which assesses sexual activity; (b) Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), a validated, standardized self-report measure of strength and fatigue. [17] ; (c) Short Form 36 (SF-36), Vitality subscale, a widely used measure of vitality and vigor [18, 19] ; (d) Positive and Negative Affect Scale (PANAS), a bidirectional validated measure of mood and affect [20] ; and (e) Patient Health Questionnaire (PHQ-9), a screening measure for depression [21] . We assessed inter-modality agreement, test-retest reliability, and internal consistency of IVR and paper versions of each measure.
Study design and methods
Two separate pilot studies were conducted to minimize participant burden and to ensure completion of the study instruments. In the first study, we evaluated the PDQ-Q4 and FACIT-F. The PDQ-Q4 was tested a single time over 7 days; the FACIT-F scale [17] was assessed first on day 1, and a retest was administered on day 7. In the second study, we evaluated the SF-36 [18, 19] , PHQ-9 [21] , and PANAS [20] measures. The PHQ-9 was retested at one week; retesting of the other measures was performed one day after the initial administration. All questionnaires were administered to all participants both in written format and by telephone using IVR technology. To control for order effects, the order of testing, paper, or IVR first, was randomized at the initial visit for all subsequent testing.
Sites and participants
Both studies were performed at two clinical sites, the University of Florida and University of Alabama at Birmingham, 50 men in the first study and 51 in the second. The participants were chosen to be similar to those expected in the TTrials, men C 65 years, who understood English well enough to complete all the forms, and who successfully completed a Mini Mental Status Examination (MMSE), demonstrating the absence of significant cognitive impairment. The demographics of both groups are shown in Table 1 . All men gave written, informed consent as approved by their respective institutional review boards.
Data collection procedures

First clinic visit and at home instructions
Each participant completed the first day of assessment at the clinic. Participants were instructed in use of the IVR system and also completed the MMSE as required for eligibility. If participants qualified, they completed the FACIT-F and first day of the 7-day PDQ-Q4 scales in both paper and IVR format according to their randomized order. After they completed the assessments in the clinic, they were given a set of six envelopes and instructions to complete the assessments at home in both IVR and paper formats for the subsequent 6 days. In both formats, participants had available blank response booklets so that the IVR test context was as similar to the paper test context as possible. Participants were instructed to mail the completed paper assessment forms to the coordinating center each day after completion.
IVR methodology
The IVR system was operated by an independent research organization, Criterium (Saratoga Springs, NY), which programmed the questionnaires for this purpose. Participants were given written instructions on how and when to call the IVR phone number. When they called, they were asked to provide their study identification number by their telephone keypad. They were then asked the prerecorded screening questions and asked to answer by telephone keypad. Only subjects who responded correctly to screening questions were entered into the study. More formal measures of hearing ability or comprehension were not included.
Statistical analyses
Sample size analysis for Bland-Altman agreement analyses
Sample size determination was based on the primary analyses of agreement between IVR and paper versions of each measure based on 95 % Bland-Altman limits of agreement [22] . For this study, the primary parameters of interest are the lower and upper bounds of the 95 % limits of agreement. We required that the size of the interval around the agreement bounds be no larger than one-tenth of the difference in standard deviation. Under these assumptions, 34 participants were required. Fifty participants were enrolled in the first pilot study and 51 in the second study to account for possible missing data. The first objective of our analyses was to assess the level of agreement between the paper and IVR versions of the study measures. Our second and third objectives were to evaluate the test-retest reliability and internal consistency of each administration mode. The following analyses were completed on each measure following each objective:
IVR versus paper agreement
Means and standard deviations of each measure by mode and day of administration were calculated. Systematic differences between paper and IVR versions administered on the same day were tested by the Wilcoxon signed-rank test and further examined by Spearman correlation coefficients between IVR and paper responses and Bland and Altman plots and 95 % limits of agreement [22] . Limits of agreement were calculated as the mean difference of IVR compared to paper ± t (.025) times the standard deviation of the differences where t (.025) is the Student t-statistic value with upper tail probability equal to .025 and degrees of freedom equal to one less than the sample size. These limits and the size and nature of systemic bias were represented in Bland-Altman plots to assess acceptability of the IVR approach. Generally, a conclusion of good agreement is reached when the BlandAltman limits of agreement exclude clinically meaningful values. Non-constant bias of IVR compared to paper versions was evaluated by the Spearman correlation of the difference and mean response by IVR and paper methods.
Test-retest reliability
Test-retest reliability was evaluated by Spearman correlation between day 1 and day 2 (or day 7 for the FACIT-F and PHQ-9) assessments for IVR and paper administrations of the FACIT-F, SF-36, PANAS, and PHQ-9, since there were two assessments available for each subject. Testretest reliability was not evaluated for the PDQ-Q4 since for each participant, a single PDQ-Q4 assessment was completed over the course of 7 days. A positive correlation indicates that values trend well between the test and retest such that participants with high test responses also have high retest responses relative to other participants.
Internal consistency
Cronbach's alpha was computed on each day to assess internal consistency of both IVR and paper versions of all assessments measured. Cronbach's alpha C 0.9 indicates excellent reliability such that items across a measure are well correlated and reflect a single construct such as sexual activity or vitality. Cronbach's alpha of 0.7 is generally thought to be acceptable in psychometric research [23] .
Analyses were based on all available data and thus valid under the assumption of missing completely at random. Adjustments for missing data such as imputation or inverse weighting were not conducted. For most measures, C90 % of participants provided complete data such that the effect of adjustments for missingness would likely have little impact on conclusions.
Results
Sample characteristics
Participant characteristics for Study 1 and Study 2 are shown in Table 1 . The mean ± SD age was 75.9 ± 5.4 in Study 1
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Distribution of scores by day and mode of test administration
Concordance of IVR and paper versions
Complete concordance results are shown in Table 2 and Figs. 1, 2, 3, 4, 5, and 6. There were no significant differences in the paper and IVR modes of administration for the PDQ-Q4, FACIT-F, SF-36, or PANAS positive. Although the Wilcoxon test for differences between IVR and paper responses on the PDQ-Q4 was nearly significant (p = 0.06), the magnitude of the difference, on average 0.05 ± 0.19, was quite small and not clinically relevant.
For the negative affect subscale of the PANAS, mean ± SD of the difference between IVR and paper versions was 0.18 ± 1.24 (p = 0.45) on day 1 and 0.25 ± 0.75 (p = 0.04) on day 2. Discrepancies between the IVR and paper versions of the PHQ-9 were also larger than observed for other measures, and with mean ± SD, difference between IVR and paper on day 1 was 0.68 ± 2.52 (p = 0.09) and 1.09 ± 2.58 (p \ 0.01) on day 2, suggesting significantly higher IVR scores than paper scores on day 2. Spearman correlation coefficients, however, between IVR and paper results were high for each assessment (0.76-0.97, p \ 0.0001 for all measures), including the PANAS negative and PHQ-9. As there was no significant difference between paper and IVR responses for the PDQ-Q4, FACIT-F, or PANAS positive, no trend was observed for the difference in IVR and paper responses relative to the mean response. For the SF-36, the correlation of the difference and mean responses was r = 0.35 (p = 0.02) on day 2, but differences between IVR and paper responses were not significantly different from 0. The PANAS negative showed evidence of larger differences between paper and IVR with higher response values on day 2 but not day 1 (r = 0.32, p = 0.04); PHQ-9 responses trended toward larger differences for higher responses although correlations were not significant on either day 1 (r = 0.23, p = 0.12) or day 2 (r = 0.28, p = 0.06). Bland and Altman plots showed a small, tolerable number of points falling outside of the limits of agreement for the PDQ-Q4 (Fig. 1) , FACIT-F (Fig. 2) , and PANAS positive (Fig. 4) . SF-36 Bland-Altman plots for agreement between IVR and paper versions (Fig. 3) showed several outliers with large discrepancies between IVR and paper responses, but no evidence of systematic bias of IVR relative to paper was observed. Several outliers with greater IVR scores than paper scores were also noted for the PANAS negative (Fig. 5) , but Bland and Altman plots showed reasonable concordance with most points falling within the 95 % limits of agreement. The Bland and Altman plots for the PHQ-9 agreement between IVR and paper versions show a fair amount of deviation from the perfect agreement 1-1 line, with several points having much higher IVR scores than paper scores on day 2 (Fig. 6 ). These points likely contributed heavily to the significant overall difference observed between IVR and paper on day 2. Despite such discrepancies, differences were largely within 95 % limits of agreement (Fig. 6 ).
Test-retest reliability
Complete test-retest reliability results are shown in Table 2 . Spearman correlation coefficients for test-retest ranged from 0.57 for 0.76 for IVR administration and 0.59-0.76 for paper administration. Correlations were generally similar between IVR and paper administrations for each assessment. The largest difference in test-retest reliability between IVR and paper versions was observed for the PANAS positive subscale, for which the Spearman correlation coefficient between days 1 and 2 was = 0.57 (p \ 0.0001) for IVR and r = 0.75 (p \ 0.0001) for paper.
Internal consistency by measure
Internal consistency as measured by Cronbach's alpha was similarly high for paper and IVR assessments. For the PDQ-Q4, FACIT-F, PANAS positive, and PHQ-9, Cronbach's alpha was 0.80-0.9 for test and retest of both paper and IVR versions, except for the PDQ-Q4, which had an initial test but no retest. On day 1 of the SF-36, Cronbach's alpha was 0.67 and 0.80 for IVR and paper, respectively, but day 2 values were higher at 0.91 and 0.86 for IVR and paper, respectively. For the PANAS negative, internal consistency was a bit lower (Cronbach' 
Discussion
IVR methods of data collection have important advantages over traditional paper versions of administration in the accurate recording of time and date, standardization of administration across conditions, built-in data recording and transfer opportunities, and minimization of data entry errors. However, it is important to show that different methods of data collection for subjective endpoints can yield comparable and reliable results. Overall, we observed few differences in the results of IVR-administered questionnaires compared to traditional paper-and-pencil formats. Two studies, instead of one, were performed to avoid excessive participant burden and to facilitate recruitment and timely completion. Results were consistent across and within studies that IVR administration results in highly reliable and accurate data which may have benefits in longer-term studies compared to traditional paper versions of the test. Results were generally consistent across the studies and showed that both IVR and paper formats are acceptable to patients, feasible for administration in a clinical trial setting, and provide reliable means of assessing these domains. All outcome measures generally had high rates of completion in both formats. The mean values and range of scores observed were consistent with values reported in previous publications (1, 3) . The level of agreement between IVR formats and traditional paper versions of the questionnaires was as high or higher for most measures compared to previous studies (3), and discrepancies that were identified were generally small and not clinically meaningful. The IVR format showed equal or slightly better performance overall on most of our tests. Moreover, we observed between a very high level of test-retest reliability and internal consistency and overall strong performance of the IVR-administered versions of all of the measures. Some limitations of the studies should be noted. Sample sizes were relatively small, and our period of evaluation was relatively brief. Over a longer duration of follow-up, adherence rates would likely have declined, affecting other important reliability and validity comparisons. Longer duration validation studies are needed to assess potential drift in adherence or reliability. The measures were only administered in English, so the results would not necessarily apply to other languages. We conclude that administering the PDQ-Q4, FACIT-F, SF-36, PANAS, and PHQ-9 by IVR yields results that are similar to those by paper. Despite potential limitations in using IVR for older participants with hearing or comprehension difficulties, the potential benefits of IVR administration, including enhanced privacy, potentially improved adherence and real-time monitoring of response dates and times, are key factors which led to the IVR format being selected for use in the Testosterone Trials. 
